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There is robust evidence showing a link between executive function (EF) and theory of 
mind (ToM) in 3- to 5-year-olds. However, it is unclear whether this relationship extends 
to middle childhood. In addition, there has been much discussion about the nature of this 
relationship. Whereas some authors claim that ToM is needed for EF, others argue that 
ToM requires EFTo date, however, studies examining the longitudinal relationship between 
distinct subcomponents of EF [i.e., attention shifting, working memory (WM) updating, 
inhibition] and ToM in middle childhood are rare. The present study examined (1) the 
relationship between three EF subcomponents (attention shifting, WM updating, inhibition) 
and ToM in middle childhood, and (2) the longitudinal reciprocal relationships between the 
EF subcomponents andToM across a 1-year period. EF andToM measures were assessed 
experimentally in a sample of 1,657 children (aged 6-11 years) at time point one (t1) 
and 1 year later at time point two (t2). Results showed that the concurrent relationships 
between all three EF subcomponents andToM pertained in middle childhood at t1 and t2, 
respectively, even when age, gender, and fluid intelligence were partialled out. Moreover, 
cross-lagged structural equation modeling (again, controlling for age, gender, and fluid 
intelligence, as well as for the earlier levels of the target variables), revealed partial support 
for the view that early ToM predicts later EF, but stronger evidence for the assumption that 
early EF predicts later ToM. The latter was found for attention shifting and WM updating, 
but not for inhibition. This reveals the importance of studying the exact interplay of ToM and 
EF across childhood development, especially with regard to different EF subcomponents. 
Most likely, understanding others' mental states at different levels of perspective-taking 
requires specific EF subcomponents, suggesting developmental change in the relations 
between EF andToM across childhood. 
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INTRODUCTION 

A major achievement of early development occurs when a child is 
able to impute mental states to himself/herself and others in order 
to predict and explain behavior ("theory of mind," ToM; Frith and 
Frith, 1999). This ability enables the individual to function in social 
groups and thus constitutes a crucial aspect of social competence. 
The development of ToM starts when the child is an infant and 
continues right the way through to the adolescent years (Lalonde 
and Chandler, 2002). 

A critical test for ToM is the first-order false-belief task which is 
mastered at around the age of 4 years. One classical task requires 
the child to infer which belief a character in a story has about 
the location of an object which has been hidden in the character's 
presence, and has then been hidden somewhere else without the 
character knowing this (Wimmer and Perner, 1983). As children 
progress through childhood, they are able to solve more complex, 
so-called higher-order ToM tasks. One of the most commonly used 
is the second-order false-belief task (Perner and Wimmer, 1985) 
which requires the child to infer a story character's belief about 



another person's belief. The age of mastering second-order false- 
belief ranges from about 6-7 years, depending on the sample and 
method used (for a review see Miller, 2009). 

Several related abilities of ToM have been identified of which 
executive function (EF) in particular has received considerable 
investigation and has led to much theoretical discussion. EF refers 
to an array of different processes relating to self-control. They 
develop in the preschool years and continue to do so right up 
to adolescence (Zelazo and Carlson, 2012). These processes enable 
the control of thought, action, and emotion, and they include over- 
lapping but distinct EF subcomponents such as attention shifting, 
inhibition, and updating of working memory (WM updating; 
Miyake et al, 2000). As regards these specific EF subcomponents, 
ToM (first-order false-belief) understanding appears to require the 
ability to suppress one's own knowledge about reality (inhibition) 
in order to be able to put oneself into the shoes of the other (atten- 
tion shifting) and then actively hold the key elements of the story 
in mind where this information can be monitored and updated in 
order to make an inference (WM updating; Doherty, 2009). 
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There is robust evidence that links ToM, (especially first-order 
false-belief) and these aforementioned specific EF subcompo- 
nents - including inhibition (Hughes, 1998a; Carlson and Moses, 
2001; Flynn etal, 2004), attention shifting (Frye etal, 1995; 
Hughes, 1998a), and WM updating (Davis and Pratt, 1995; Keenan 
etal., 1998) in children aged 3-5 years (see Perner and Lang, 
1999, for a review). Several reasons for this relationship have been 
put forward. For example, EF and ToM make major develop- 
ments during the preschool years, they seem to share a common 
neurological basis (prefrontal cortex), and individuals suffering 
from autism show deficiencies in both (Carlson and Moses, 2001; 
Hill, 2004). 

In need of clarification is whether the robust relationship 
between EF and ToM found in preschoolers extends to older chil- 
dren. Although there is some evidence that more advanced EF 
and ToM measures do show positive associations, more stud- 
ies are needed to confirm this (Miller, 2009). For instance, 
it has been found that the EF-ToM relationship extends to 
children between 4V2 and 6V2 years for second-order false- 
belief tasks and more demanding EF tasks (Perner etal, 2002). 
Similar results have been reported for children of middle child- 
hood (Yang etal., 2009; Calderon etal., 2010) and in ado- 
lescents (Vetter etal., 2013). However, results in a sample of 
8V2 year-olds with and without attention deficit hyperactivity 
disorder (ADHD) were less conclusive (Charman etal, 2001). 
A correlation between EF and ToM was found in the con- 
trol group (typically developing children) but as soon as age 
and intelligence were partialled out, the two constructs were 
no longer significantly correlated. These inconsistent results 
show that more studies are needed to clarify the relationship 
between EF and ToM in older children. This is of partic- 
ular importance in order to understand whether both con- 
structs remain intertwined in the course of development. It 
may well be that the link between ToM and EF is less rele- 
vant once sufficient cognitive capacities have developed, thereby 
making it less relevant to regulate one's own knowledge and 
view of the world when inferring others' mental states. There- 
fore, the first aim of the current study was to investigate 
whether the EF-ToM relationship extends to middle childhood, 
and especially, how different EF subcomponents (i.e., atten- 
tion shifting, WM updating, inhibition) are related to ToM at 
this age. 

Furthermore, an important and controversial question that 
remains unresolved concerns the causal direction of effect between 
EF and ToM. Perner (1998; Perner and Lang, 1999, 2000; see also 
Carruthers, 1996) and Russell (1996, 1997; see also Pacherie, 1997) 
both maintain that a functional dependency between the two con- 
structs exists but they make opposite predictions as regards the 
direction of effect. 

Perner (1998) claim that the ability to represent mental states 
on a meta-level is needed for the development of executive 
control, i.e., ToM enhances EF. In other words, this meta- 
representational account claims that children need to have a 
sufficiently developed understanding of their own minds before 
they will be able to engage in executive control. Russell's (1996, 
1997) theory, on the other hand, claims the exact opposite, i.e., 
EF is a prerequisite for the emergence of ToM understanding. 



According to this view, EF is necessary in order to distance 
oneself from reality and move toward abstract mental states 
(ToM). 

An explanation as to why there is little agreement on the causal 
relationship between EF and ToM lies in the fact that many stud- 
ies have based their conclusions on correlational data. There are 
three types of evidence in order to progress beyond correlational 
studies (Miller, 2009). First, by means of longitudinal studies (if 
A predicts B, A must start developing before B). Second, by means 
of dissociation studies (if A causes B, then A should occur without 
B; but the opposite should not take place). Third, by means of 
training studies (if A is trained, what effect, if any, does it have 
onB?). 

There is empirical support for all three types of evidence. 
First, although there are still relatively few studies examining 
the longitudinal relationship between EF and ToM performance, 
there has been a recent increase in the amount of research car- 
ried out (Hughes, 2011), including different ages and time spans 
ranging from very short intervals in so-called microgenetic stud- 
ies, a method in which the process of developmental change is 
closely observed and analyzed trial-by-trial, (e.g., Flynn etal., 
2004; Flynn, 2007) to longer intervals of up to 1 year (Carlson 
etal, 2004; Hughes and Ensor, 2007). These studies have mostly 
been conducted in the preschool or late toddlerhood years. A gen- 
eral finding at this early age is that stronger support is found 
for the proposal that early EF predicts later ToM than for the 
view that early ToM predicts later EF. For instance, one of the 
earliest studies showed that early EF performance (in particu- 
lar inhibitory control) at age 4 predicted later ToM performance 
(1 year later), but the reverse was not true (Hughes, 1998b). In a 
study conducted with 2-year-olds, this pattern of early EF pre- 
dicting later ToM (15 months later) persisted even when age, 
gender, and verbal ability were taken into account (Carlson et al., 
2004). However, different ToM tasks were used at the two points 
of measurement, and therefore it is questionable whether the 
same construct was measured at each time point. This assump- 
tion is supported by the finding that the two ToM measures did 
not correlate over time. Yet, a longitudinal study that included 
three time points (time intervals ranging from 9 to 12.5 months), 
also found evidence for the view that earlier EF predicted later 
ToM in 2-, 3-, and 4-year-olds (Hughes and Ensor, 2007). Others 
have found similar results (Jahromi and Stifter, 2008; Miiller et al., 
2012). 

However, other longitudinal studies do not support the view 
that early EF predicts later ToM. For instance, Schneider etal. 
(2005) in a study including three time points did not find pre- 
dictive relationships between EF and ToM in either direction after 
controlling for age and language (Schneider et al, 2005). As noted 
by the authors, one reason for this finding might have been the 
fact that initial ToM understanding was low and continued to be 
so throughout the study period. 

The focus of longitudinal studies conducted to date has mostly 
been on early development of EF and ToM from toddlerhood up 
to the preschool years. Studies in older children are rare despite 
the importance of examining whether patterns found in early 
life remain throughout the course of the child's development 
(McAlister and Peterson, 2013). 
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The few studies that have investigated the longitudinal relation- 
ship between EF and ToM in children beyond the preschool years 
show inconsistent results. A study by Farrant et al. (2012) in chil- 
dren aged 5 (at tl) found that early EF predicted later ToM, thus 
supporting Russell's (1996) theory and replicating general findings 
of longitudinal studies in younger children. However, a 1-year lon- 
gitudinal study with 5-year-old children showed that early EF did 
not predict later ToM (Razza and Blair, 2009). But EF at t2 was 
not assessed, so the reverse direction of early ToM predicting later 
EF could not be tested. A further study in 4-year-old children (at 
tl ) even found the opposite, namely that early ToM predicted later 
EF even when controlling for age, language, siblings and initial EF 
(McAlister and Peterson, 2013), thus in line with Perner's theory 
(Perner, 1998). 

Taken together, longitudinal studies yielded mixed results on 
the exact nature of the causal relation between EF and ToM. If 
anything, there seems to be stronger evidence for Russel's theory 
that EF is a prerequisite for ToM than for Perner's theory that ToM 
supports EF (Russell, 1996, 1997; Perner, 1998). 

The second type of evidence concerns dissociation studies. 
Perner's and Russel's theories make opposing predictions with 
respect to EF-ToM deficiencies. Perner's account excludes the pos- 
sibility that well-developed EF occurs paired with poor ToM: ToM 
is seen as a prerequisite for EF, and therefore ToM deficits should 
lead to impaired EF. But what is in line with his theory is the reverse 
pattern of well-developed ToM paired with EF deficits because 
intact ToM is necessary for EF, but not sufficient in its own right. 
On the other hand, Russel's theory does not allow for deficits in EF 
to be paired with adequate ToM because his theory proposes that 
impaired EF leads to impaired ToM. His theory does permit the 
pattern of well-developed EF paired with deficits in ToM because 
the ToM impairment could have been caused by other factors, e.g., 
language, in particular inner speech (Pellicano, 2007). 

Several dissociation studies indicate that EF is not required for 
the development of ToM, thus contradicting Russel's theory. For 
example, a study conducted by Tager-Flusberg etal. (1997) and 
reanalyzed by Perner and Lang (2000) showed that children with 
Williams syndrome and Prader-Willi syndrome were impaired on 
EF tasks but mastered ToM tasks well. However, due to the small 
sample size (N = 6), results must be treated with caution. Stud- 
ies on children diagnosed with ADHD showed a similar pattern, 
i.e., reasonably well-developed ToM skills paired with poor EF 
(Charman etal., 2001; Perner etal., 2002). However, it may well 
be that children in these studies mastered the ToM tasks in atyp- 
ical ways, for instance by applying simple behavior rules (e.g., 
"doesn't see, doesn't know"; Garnham and Ruffman, 2001). If so, 
the relevance of EF for ToM would not be challenged by these 
results. 

Other dissociation studies have found evidence contradicting 
Perner's theory. Although autism typically involves low EF paired 
with low ToM (e.g., Hill, 2004), a study in 5^ year-old children 
with autism revealed a dissociation in exactly the opposite direc- 
tion: a high level of EF with impaired ToM (Pellicano, 2007). 
Similarly, a cross-cultural study comparing U.S. and Chinese chil- 
dren aged about 4 years, controlled for age and verbal ability, 
found that although Chinese children had good executive control 
skills, their ToM understanding was poor (Sabbagh etal., 2006). 



Thus, evidence from dissociation studies revealed support for both 
Perner's and Russel's theories. 

The third and final type of empirical support comes from 
training studies. For instance, a very recent study revealed the 
importance of EF for the improvement in the development of 
ToM. Preschool-aged children (aged 3 years 8 months) were given 
a battery of false-belief and EF tasks. Results showed that individ- 
ual differences in initial EF predicted the degree to which children's 
advances in ToM improved through ToM training, the relevant 
control variables being partialled out (Benson etal., 2013). How- 
ever, a training study by Kloo and Perner (2003) did not support 
the view that early EF predicts later ToM to the same extent. 
They examined ToM via false-belief tasks, and attention shift- 
ing via the dimensional change card sort task (DCCS; Frye et al., 
1995). Children (3- to 4-year-olds) were trained in these tasks 
about once a week over a period of ~ weeks. Transfer of train- 
ing took place in both directions: training on the DCCS task 
improved performance on the false-belief task, and false-belief 
training produced improvements on the DCCS task. This finding 
is in support of the idea of functional dependency between EF 
and ToM. However, it is interesting to note that training on the 
false-belief task did not lead to an improvement in post-training 
false-belief performance, which makes the interpretation of these 
findings problematical. 

To sum up the three types of evidence, the general finding 
(particularly from longitudinal studies) in children younger than 
4 years is that early EF predicts later ToM, and not vice versa. How- 
ever, studies in older children have revealed inconsistent results. 
More research is needed to clarify the causal direction between 
EF and ToM in older children. In particular, possible differential 
relations between EF subcomponents and ToM are understud- 
ied to date. Therefore, the second aim of the present study was 
to examine whether each of the three EF subcomponents (atten- 
tion shifting, WM updating, inhibition) at tl predicted ToM at t2 
(1 year later), or vice versa, in elementary school-aged children. 

The current study investigated three subcomponents of EF (i.e., 
inhibition, attention shifting, WM updating) as well as ToM in a 
large sample of 6- to 12-year-old children. Moreover, we exam- 
ined relations between EF and ToM controlled for age, gender 
and fluid intelligence. All tasks were administered at two measure- 
ment points which were about 1 year apart. Based on the evidence 
reviewed so far, we hypothesized first, the EF-ToM relationship to 
pertain in middle childhood. Thus, positive correlations should 
occur between EF and ToM performance in our sample. More 
specifically, we hypothesized that the three EF subcomponents and 
ToM at tl are as strongly correlated as 1 year later at t2. Second, we 
expected to find relationships leading from EF subcomponents-tl 
to ToM-t2, and not vice versa. 

To our knowledge, this is the first study that addresses these 
issues in a representative sample of children in middle childhood. 

MATERIALS AND METHODS 
PARTICIPANTS 

At tl (in 2012), the sample consisted of N = 1,657 children (52% 
girls) aged between 6 and 11 years (M = 8.3 years, SD = 0.95). 
Time point 2 (t2; in 2013) took place 1 year later (N = 1,619) and 
children's age ranged from 7 to 12 years (M = 9.1 years, SD = 0.92). 
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Participants were recruited from 33 primary schools from the 
federal state of Brandenburg, Germany. To establish a representa- 
tive sample, schools were preselected so that participants coming 
from different rural and urban areas and socio-economic back- 
grounds were included. Before the study began, approval of all 
procedures was granted by the Research Ethics Committee at the 
University of Potsdam and the Ministry of Education, Youth, 
and Sports of the Federal State of Brandenburg. For each child, 
informed consent was obtained from the parent/primary caregiver. 
As a reward the children received a voucher for the cinema. 

MATERIAL 

EF tasks 

The EF subcomponent attention shifting was assessed using 
the Cognitive Attention shifting task (Rothlisberger etal., 2010; 
adapted from Zimmermann et al., 2002). Children were presented 
with a single-colored fish and a multi-colored fish appearing 
simultaneously on the left- and right-hand side of a computer 
screen. Participants were told to "feed" each kind of fish, alternat- 
ing between the two, by pressing one of two keys on a QWERTZ 
keyboard (i.e., the X-key for the fish on the left, the M-key for the 
fish on the right). Across several trials, the side on which the two 
kinds of fish appeared changed randomly, requiring the children to 
remember their response of the previous trial in order to maintain 
the requirement of alternating feeding. The task consisted of a total 
of 46 trials (interstimulus intervals ranged from 300 to 700 ms) 
that were separated by a short break during which positive feed- 
back was given. The dependent variable was the number of correct 
responses for the 22 switch trials. Switch trials were those answers 
that required children to change their response pattern (i.e., from 
pressing left/right to left/left or right/right). 

The EF subcomponent WM updating was assessed using the 
Digit-Span Backward task (Petermann and Petermann, 2007). 
Participants were told a sequence of digits which they had to 
verbally repeat in the reverse order. The first sequence was two 
digits long. There were two sequences of equal length in each 
trial. Within each trial, at least one sequence had to be answered 
correctly in order to proceed to the next trial in which the 
sequence was lengthened by one digit. The dependent variable 
was the total number of sequences that had been remembered 
correctly. 

The EF subcomponent inhibition was assessed by the Fruit 
Stroop task (Archibald and Kerns, 1999; adapted by Rothlisberger 
et al., 2010). The task consisted of four trials. For each trial, a page 
depicting 25 stimuli was presented to the child with the instruc- 
tion to name the colors of the items as quickly as possible. Page 
1 showed colored rectangles (blue, red, green, yellow). Page 2 
depicted fruits or vegetables in their typical colors (banana - yel- 
low, lettuce - green, strawberry - red, plum - blue). Page 3 showed 
the same fruits but these were colored gray. Page 4 showed the 
same fruits and vegetables, but all colored incorrectly. For pages 
3 and 4, the children had to name the color that the fruit and 
vegetables should have had (i.e., banana - yellow, lettuce - green, 
etc.). The time (in seconds) required for naming the colors of 
all 25 items per page was measured. As dependent variable, an 
interference score was generated: time p.4 - [(time p.l x time 
p.3)/(time p.l + time p.3); Archibald and Kerns, 1999)]. Scoring 



high on this task is an indication of a lower ability to successfully 
inhibit the prepotent response of naming the items' actual colors 
on page 4. 

ToM task 

Theory of mind ability was assessed by a cartoon task developed 
by Vollm etal. (2006) for adults and adapted by Sebastian etal. 
(2012) for adolescents. The cartoon scenarios were presented on a 
computer screen. Each story consisted of five pictures with black- 
and-white line drawings depicting two individuals in order to 
control for social content (Figure 1). The first three story frames 
appeared consecutively, followed by two pictures shown simulta- 
neously that displayed possible endings of the story. Children were 
instructed to choose the correct ending by pressing the X-key on a 
QWERTZ keyboard for the left-hand side, and the M-key for the 
right-hand side picture. In order to give a correct answer, children 
had to infer the mental state of one protagonist and the appro- 
priate response by the other protagonist. Interstimulus intervals 
ranged from 1,000 to 3,000 ms. The order of the cartoons and 
the location of the correct ending were randomized across partic- 
ipants. Correct responses for each story were coded as 1, incorrect 
responses as 0. 

The original task by Sebastian et al. (2012) consisted of 30 car- 
toons, 1 0 in each of three conditions: cognitive ToM, affective ToM, 
and a physical control condition. The physical control condition 
was used as baseline in order to determine neuronal activity in an 
functional magnetic resonance imaging (fMRI) setting. Because 
the current study did not use fMRI, and a baseline condition was 
not relevant, the physical condition was excluded. The remaining 
20 cartoons (10 cognitive, 10 affective) were pretested for clarity, 
difficulty, and timings in children who were of similar age to those 
in our study and did not participate in the present study. Twelve 
cartoons (six cognitive ToM, six affective ToM) of mid-range dif- 
ficulty were selected in order to limit the time demands of the task 
and to ensure sufficient variability in the data. 

Each child was presented with six cognitive and six affective 
ToM stories. To choose the correct ending for the cognitive sce- 
narios, children had to infer the appropriate behavior of one 
protagonist (e.g., helping) given the inferred intentions, desires, 
or beliefs of the other protagonist (e.g., attaining an action goal; 
Figure 1A). For the affective scenarios, participants needed to 
infer the appropriate response (e.g., consoling) of one protago- 
nist regarding the emotional state (e.g., fear, sadness) of the other 
(Figure IB). Performance on cognitive and affective trials was 
highly associated in our study (at tl: r = 0.83, p < 0.001; at t2: 
r = 0.94, p < 0.001). Thus, for reasons of simplicity and in line 
with the focus of the current paper, a model that did not dif- 
ferentiate between cognitive and affective aspects was chosen for 
further analyses. This one-factor model fitted the empirical data 
well at both time points, tl: x 2 (9) = 17.11, p < 0.05, CFI = 0.99, 
RMSEA = 0.024, WRMR = 0.765, t2: * 2 (9) = 14.85, p = 0.095, 
CFI = 0.988, RMSEA = 0.020, WRMR = 0.650. However, two 
items were excluded due to factor loadings falling under a gen- 
eral cutoff value (0.40) for the inclusion into one factor (Stevens, 
2001). 

In addition, the final version of the task was validated in a 
sample of 7.5- to 10-year-old children (N = 62, M age = 8.23, 
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SD = 0.59, 35.5% girls) in order to ensure its association with 
standard ToM measures. 

The standard ToM measures employed were two second-order 
false-belief tasks (Perner and Wimmer, 1985; Hollebrandse etal., 
2012), a German version of the Extended Theory-of-Mind Scale 
(Henning etal., 2012) and German translations of the Strange 
Stories Test (Happe, 1994). Results showed that the total score 
of the standard ToM measures was positively correlated with the 
ToM cartoons total score (affective and cognitive cartoons com- 
bined) after controlling for language ( r = 0.29, p = 0.025) or fluid 
intelligence (r = 0.32, p = 0.047). 

Fluid intelligence 

To measure fluid intelligence the Number- Symbol Test of the Ger- 
man version of the Wechsler Intelligence Scale for Children was 
used (Petermann and Petermann, 2007). The child was instructed 
to redraw symbols (e.g., a half moon) that were paired with either 
simple figures (e.g., a cross with a circle inside; Version A for 6- 
to 7-year-olds) or digits (1-9; Version B for 8- to 16-year-olds) 
as quickly as possible within 120 s. For both versions A and B, 
the dependent variable was the amount of correct symbols allo- 
cated within 120 s. For version A, extra points could be achieved 
if participants finished the task before the 120 s were over. 

PROCEDURE 

At both tl and t2, children were assessed for two 50-min sessions 
spaced 1 week apart. Assessments were part of a larger battery of 
tasks that were conducted separately with each child by a specif- 
ically trained PhD student or research assistant in a quiet room 
either in a school setting or at home. The order of the larger 
battery of tasks was counterbalanced across participants (blocks 
of ABCD/BADC) but the order did not show any effect when 
subsequently analyzed. 

DATA ANALYSIS 

All analyses were run using Mplus 7.11 (Muthen and Muthen, 
1998-2012). The rate of missing data was low on all variables at tl 
(< 1 .8) and at t2 (< 7. 2). Assuming data to be missing at random, all 
missing values were accounted for by full information maximum 
likelihood (FIML) estimation. 



Research questions were answered by means of structural 
equation modeling (SEM). As mentioned above, model fit was 
considered acceptable only if absolute fit indices fulfilled the fol- 
lowing criteria: CFI > 0.95, RMSEA < 0.08, WRMRV < 1.0 (Yu, 
2002; Geiser, 2010). 

The cartoon stories were entered in the analyses as categorical 
indicators ( 1 for choosing the correct ending, 0 for an incorrect 
choice). As the x 2 depends on sample size and is overly sensitive 
to deviations from perfect fit in large samples (Schermelleh-Engel 
etal, 2003). 

In order to answer the first research question (the extension 
of the EF-ToM relationship to middle childhood) the concurrent 
correlations between each EF subcomponent and ToM at tl and t2 
were examined (EF-tl - ToM-tl and EF-t2 -ToM-t2). In addition, 
the correlation coefficients at tl and t2 were statistically compared 
in order to determine whether the EF-ToM association was equally 
strong at each time point. This procedure was followed for each of 
the three EF subcomponents in order to detect possible differential 
relations. 

To answer the second research question (the longitudinal rela- 
tions between EF and ToM over a 1 -year period), three cross-lagged 
models were fit to the data, describing the assumed interrelations 
between each EF subcomponent and ToM over time. By control- 
ling for initial levels of the target variable, cross-lagged models 
ensure that the association of one variable as developmental pre- 
cursor of another variable is examined, rather than concurrent 
associations (McAlister and Peterson, 2013). Subsequently, regres- 
sion coefficients for the cross-lagged paths were compared in order 
to evaluate for which direction the association was stronger, i.e., 
ToM-tl to EF-t2 or EF-tl to ToM-t2. 

In all analyses, ToM was entered as latent and the three EF 
subcomponents (attention shifting, WM updating and inhibition) 
as manifest variables. Moreover, fluid intelligence, age and gender 
which are known to be related to EF and ToM were included as 
manifest control variables. 

RESULTS 
DESCRIPTIVES 

Descriptive statistics of the assessed variables are shown in Table 1 . 
At both measurement time points, medium scores were achieved 
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Table 1 | Descriptive statistics of assessed variables (EF subcomponents attention shifting, WM updating, inhibition, andToM cartoon task) for 
the two measurement time points (t1 and t2) and mean comparison results. 



t1 t2 t 





M 


SD 


Min.-max. 


M 


SD 


Min.-max. 




Attention shifting 


15.6 


4.7 


0-22 


18.1 


3.9 


0-22 


—24.2*** 


WM updating 


6.1 


1.6 


0-16 


6.6 


1.5 


0-16 


-11.1*** 


Inhibition 3 


24.9 


8.8 


0-89 b 


20.6 


6.9 


0-66 b 


23.2*** 


ToM c 


8.5 


1.7 


0-10 


9.2 


1.3 


1-10 


-14.5*** 


Fluid intelligence 11 


51.4 


9.2 


27-80 b 


/ 


/ 


/ 


/ 



ToM, theory of mind; a interference measure (negatively polarized); b min and/or max values are theoretically infinite, thus table values are sample-specific; c average 
number of correct trials; d only the tl measurement of fluid intelligence was included in the analysis; ***p < 0.007. 



on WM updating, inhibition and fluid intelligence, medium to 
high scores on attention shifting and high scores on ToM. Inter- 
correlations between the three EF subcomponents ranged from 
0.27 to 0.35 (all ps < 0.001) at tl and from 0.28 to 0.33 at t2 (all 
ps < 0.001). On average, participants improved in the EF and ToM 
tasks from tl to t2, indicating a significant developmental change 
in those abilities within a year. 

RESEARCH QUESTION 1: CONCURRENT ASSOCIATIONS BETWEEN EF 
SUBCOMPONENTS AND ToM 

The first research question concerned the concurrent correlations 
at both time points controlled for age, gender, and fluid intel- 
ligence, that is, the association between EF subcomponents and 
ToM at tl and t2 (see Table 2). At both time points, correlations 
were small but significant (ranging from 0.10 to 0.20; Cohen, 1988) 
indicating that EF subcomponents and ToM were associated in 6- 
11 year-olds and in 7-12 year-olds. Testing the strength of the 
concurrent path coefficients against each other showed that for 
each EF subcomponent the difference of tl and t2 concurrent cor- 
relations with ToM was not significant (attention shifting: Ax 2 
(1) = 0.041, p = 0.84; WM updating: Ax. 2 (1) = 3.285, p = 0.07; 
inhibition: A* 2 (1) = 0.037, p = 0.85). 

RESEARCH QUESTION 2: RECIPROCAL INFLUENCES BETWEEN EF 
SUBCOMPONENTS AND ToM ACROSS 1 YEAR 

Figure 2 shows the cross-lagged models for the interrelation 
between each EF subcomponent and ToM over time controlled 
for initial levels of the outcome variable at tl as well as for the 
covariates age, gender, and fluid intelligence. 

The model for attention shifting (Figure 2A) fitted the data 
well, x 2 (259) = 321.13, p = 0.005, CFI = 0.98, RMSEA = 0.012, 
WRMR = 0.90. Both cross-lagged path coefficients (attention 
shifting-tl to ToM-t2 and ToM-tl to attention shifting-t2) reached 
significance. Despite the high autocorrelations of attention shift- 
ing and ToM from tl to t2 (Figure 2A), and after controlling 
for age, gender, and fluid intelligence, the cross-lagged paths still 
revealed a small but significant association of EF on ToM, and vice 
versa, across the 1 -year period. Testing the strength of the cross- 
lagged path coefficients against each other showed a significant 
difference, Ax 2 (1) = 7.999, p < 0.01, with a stronger association 



Table 2 | Concurrent correlations between EF subcomponents and ToM 
at t1 and t2, respectively, controlled for age, gender, and fluid 
intelligence. 





ToM-t1 




ToM-t2 


Attention shifting-t1 


0.19** 


Attention shifting-t2 


0.20** 


WM updating-t1 


0.13** 


WM updating-t2 


0.20** 


lnhibition-t1 a 


-0.08* 


Inhibition^ 


-0.10** 



a Interference measure (negatively polarized); **p< 0.07, *p< 0.05, two-tailed. 



leading from attention shifting-tl to ToM-t2 than in the opposite 
direction. 

The model for WM updating (Figure 2B) also fitted the data 
well, x 2 (259) = 328.75, p = 0.002, CFI = 0.98, RMSEA = 0.013, 
WRMR = 0.91. Again, both cross-lagged path coefficients (WM-tl 
to ToM-t2 and ToM-tl to WM-t2) revealed a small, but sig- 
nificant impact over and above the high autocorrelations over 
time and possible effects of the control variables. The differ- 
ence between the cross-lagged path coefficients was marginally 
significant, Ax 2 (1) = 3.42, p = 0.064, with a stronger asso- 
ciation leading from WM-tl to ToM-t2 than in the opposite 
direction. 

The model for inhibition (Figure 2C) also fitted the data well, 
X 2 (259) = 316.28, p = 0.009, CFI = 0.98, RMSEA = 0.012, 
WRMR = 0.90. However, for this model neither of the cross- 
lagged path coefficients reached significance. Thus, for the EF 
subcomponent inhibition no significant cross-lagged relationships 
with ToM over time were found. 

DISCUSSION 

The present study pursued two objectives. First, we examined 
whether the relationship between EF and ToM pertains in middle 
childhood (6-12 years). Results showed small but significant con- 
current correlations in the expected directions between all studied 
EF subcomponents (attention shifting, WM updating and inhi- 
bition) and ToM. In line with previous research (Perner etal., 
2002; Yang etal, 2009; Calderon etal, 2010), better abilities 
in executive control of thought or action were related to better 
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Time point 1 




Time point 2 


Attention shifting 


5(.i 1 1 


Attention shifting 






WM updating 


42 1 


WM updating 








.50 : 




Inhibition 8 


Inhibition' 






FIGURE 2 | Cross-lagged models for the relations between ToM and 
the EF subcomponents attention shifting (A), WM updating (B), and 
inhibition (C), at the two measurement points, controlling for age, 
gender, fluid intelligence, as well as for the earlier levels of the target 
variables, interference measure (negatively polarized); **p < 0.01 , 
*p < 0.05, two-tailed. 



understanding of others' mental states at tl (6-11 years) and 
t2 (7-12 years). Second, we explored whether each EF subcom- 
ponent at tl predicted ToM at t2, or vice versa, over a 1-year 
period. Here, we used a cross-lagged model, again controlling 
for age, gender and fluid intelligence, as well as for the earlier 
levels of the target variables. Results showed small, but signif- 
icant bidirectional longitudinal relationships with ToM for two 
EF subcomponents, WM updating and attention shifting. Exam- 
ining the strength of the associations showed that for both EF 
subcomponents, the relationship between early EF and later ToM 
was stronger than the relationship between early ToM and later 
EF. Bearing in mind that effect sizes were small this corresponds 
with research on longitudinal studies between EF and ToM in 
preschool-age children (e.g., Hughes, 1998b) and illustrates the 
pertaining relevance of the ability to switch between different 
task demands and the ability to temporarily hold information 
in mind while processing it for developing ToM abilities. For 
the subcomponent inhibition, however, no reciprocal relation- 
ships were found over time. Thus, discriminating between EF 
subcomponents seems to be important for the study of EF-ToM 



development, because on the one hand, the single EF subcom- 
ponents may follow different developmental courses and on the 
other hand, understanding the mental states of others at various 
levels (e.g., first- or second-order perspective) may put different 
demands on EF subcomponents. 

THE RELATIONSHIP BETWEEN THE THREE EF SUBCOMPONENTS AND 
ToM IN MIDDLE CHILDHOOD 

The relationship between EF subcomponents and ToM is well doc- 
umented in the preschool years (e.g., Frye etal., 1995; Hughes, 
1998a; Carlson and Moses, 2001). However, still in need of clar- 
ification is the question how exactly this relationship extends to 
middle childhood for each of the EF subcomponents. To date, 
there are few studies in children beyond the preschool age, and, as 
we will discuss below, those conducted are inconclusive. Results of 
the present study indicate that the relationship between all three 
EF subcomponents (attention shifting, WM updating, inhibition) 
and ToM pertain in middle childhood with small, but significant 
correlations (age, gender, and fluid intelligence partialled out). 

In a sample of similar-aged children (8.5-year-olds) Charman 
etal. (2001) also found a correlation between EF (GoNoGo error 
score) and ToM (Happe stories correct mental score) for their 
typically developing control group (r = —0.43, p < 0.01). How- 
ever, as soon as age and intelligence were partialled out, their 
results fell below significance (r = —0.38, p = 0.10). This may 
be owing to the low statistical power due to the relatively small 
size of their control group (N = 22). The diverging results to 
the present study may also come from the use of different mea- 
sures. Charman etal. (2001) assessed ToM by means of Happe's 
Strange Stories (Happe, 1994), a measure of higher-order ToM 
ability. The Strange Stories task consists of naturalistic, short 
vignettes which are read to the child by the experimenter. The 
task makes strong demands on verbal ability. In contrast, in the 
present study, a ToM cartoon task was used. It is a non-verbal 
task that was originally developed for fMRI studies (Vollm et al., 
2006). Each cartoon story is presented on a computer screen, and 
the correct answer is chosen by pressing a key. Because of the 
lower verbal task demands of the ToM cartoon test, children in the 
present study were probably not impaired in expressing their ToM 
ability. 

Turning to EF, Charman etal. (2001) examined different sub- 
components (planning and behavioral inhibition) compared to 
our study. Generally, the fact that different studies involve various 
aspects of EF makes comparisons between studies difficult. This 
inconsistency might be due to the fact that EF is an ill-defined con- 
struct that has been described as an umbrella term for a large array 
of different processes involved in self-control (Kerr and Zelazo, 
2004). The EF definition applied in the current study follows 
Miyake etal.'s (2000) division into three overlapping but distinct 
subcomponents - attention shifting, WM updating, and inhibi- 
tion. This approach has proved promising and has been adopted 
in studies on the relations between ToM and EF in preschool 
children. 

Another problem when comparing different studies on EF- 
ToM relations is that the available tasks do not test only one 
EF subcomponent, but engage overlapping EF aspects to varying 
degrees. The planning tasks employed by Charman etal. (2001) 
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displays this task impurity to a rather high degree because more 
than one EF subcomponent was needed to meet the relatively com- 
plex task requirements (Miyake etal, 2000). Because the present 
study used simpler tasks, which mainly required one EF subcom- 
ponent, children could probably express their EF capacities in an 
optimal way. This may be another reason why we, unlike Charman 
et al. (200 1 ) still found small but significant EF-ToM relations in 6- 
to 12-year-olds after controlling for age, gender, and intelligence. 

Our results are supported by a study in slightly younger chil- 
dren (4 1 / 2 -6 1 / 2 year-olds) where strong relationships between 
several EF and ToM tasks were found even when controlling for 
age and IQ and despite the relatively small sample size (N = 22) 
of their control group (Perner etal., 2002). These similar find- 
ings can possibly be attributed to the fact that similar measures 
were implemented. Perner etal. (2002) used a second-order false- 
belief task (based on the material by Perner and Wimmer, 1985). 
We argue that at least 6 out of 10 of our ToM cartoon stories 
require second-order reasoning. Because the cartoons were orig- 
inally used in a study with a different focus - differentiating ToM 
into cognitive and affective aspects - Sebastian etal. (2012) did 
not address the issue of first- or second-order ToM reasoning. 
What they did maintain was that the affective condition requires 
cognitive ToM. Yet, in the six affective ToM cartoon tasks, in 
order to give a correct response, the participant has to under- 
stand the first protagonist's belief about the second protagonist's 
mental state (e.g., the adult believes/thinks the child is sad because 
the child does not want the kite to fly away; i.e., second-order 
ToM). In the four cognitive ToM cartoon tasks, however, in order 
to choose the correct ending, the participant has to infer the 
desire of only one of the protagonists (e.g., the girl places the 
ladder against the tree because she wants an apple; i.e., first- 
order ToM). The second protagonist merely accompanies the first 
protagonist. 

We also tested possible differences in the strength of the con- 
current relationship between EF subcomponents and ToM at both 
time points. We had no reason to hypothesize that there would 
be any change in the EF-ToM relations in the space of 1 year in 
6 to 12-year-olds. The present results showed precisely this, sug- 
gesting that all three EF subcomponents and ToM remain related, 
with not much change in the strength of the relations across a 
1 -year-period, in a representative sample in middle childhood. 

THE RECIPROCAL RELATIONSHIP BETWEEN EF SUBCOMPONENTS AND 
ToM 

The second aim of the present study explored the longitudinal bidi- 
rectional relationship between the three EF subcomponents and 
ToM over a 1-year period. In a cross-lagged model, we again con- 
trolled for age, gender, and fluid intelligence, and also partialled 
out earlier EF or ToM performance. Our findings revealed small, 
but significant reciprocal relations with ToM for two EF subcom- 
ponents, attention shifting and WM updating, but no relations for 
inhibition. The lacking longitudinal relations between inhibition 
and ToM may indicate that this EF subcomponent is of less impor- 
tance for ToM in middle childhood as compared to the preschool 
age, particularly over time. The different results for the three EF 
subcomponents underlines the necessity of examining EF devel- 
opment divided into its specific subcomponents. Interestingly, for 



both attention shifting and WM updating, the relationship of early 
EF predicting later ToM was stronger than the relationship of early 
ToM predicting later EF (the difference for WM updating was 
marginally significant). Although our effect sizes were small, this 
finding supports Russell's (1996) theory that EF precedes ToM 
development and is in line with results of previous longitudinal 
studies on EF-ToM relationship in preschool-age children. 

One of the earliest such studies found that in 3- to 4-year-old 
children (mean age: 3 years and 1 1 months) early EF performance 
predicted later ToM (13 months later) even when controlling 
for age, verbal ability, and initial ToM (Hughes, 1998b). The 
reverse direction was not found, which has been interpreted 
as evidence for Russel's theory. However, only one of the EF 
measures, a detour-reaching box (Hughes and Russell, 1993), a 
measure of inhibitory control, showed an independent predic- 
tive relationship with later ToM in Hughes's study. The other 
EF subcomponents (WM, planning, attention shifting) did not. 
Interestingly, in the present study with older children, the only 
two EF subcomponents that showed small but significant rela- 
tionships with ToM over time were attention shifting and WM 
updating, but not inhibition. A possible explanation for this find- 
ing may be that preschool-age children are still in the course of 
developing their inhibitory skills and thus rely on these more 
heavily. This is reflected in medium to high longitudinal cor- 
relations between inhibition and ToM. In addition, it may also 
be that first-order false-belief tasks (as used by Hughes) make 
more demands on inhibitory skills compared to second-order 
ToM items (as mainly used in the present study). In first-order 
false-belief tasks, the child's own knowledge about reality has to 
be inhibited in order to give a correct answer. To solve second- 
order ToM tasks, inhibition may play less of an important role, 
because the focus lies more on being able to switch flexibly 
between the different mindsets of the first and second protago- 
nist (Miller, 2009). Also, WM updating is needed to keep track 
of the different perspectives and bringing all the relevant infor- 
mation together. The exact nature of the relationship between 
different EF subcomponents and ToM across childhood requires 
further research. 

Just like Hughes's (1998b) study, Carlson etal.'s (2004) longi- 
tudinal study in a younger group of children (2-year-olds) showed 
similar asymmetrical relationships: early EF predicted later ToM 
(15 months later) even when controlling for age, gender, and ver- 
bal ability. However, as mentioned in the introduction, Carlson 
et al.'s (2004) results must be interpreted with caution as ToM was 
assessed with different measures at the two time points and did 
not correlate over time. 

Another longitudinal study by Hughes and Ensor (2007) exam- 
ined the predictive relationship between EF and ToM at three time 
points in 2-, 3-, and 4-year-olds. Results showed only limited sup- 
port for Perner (1998), Perner and Lang's (1999) theory - that 
early ToM predicts later EF - but stronger support for Russell's 
(1996) theory - that early EF predicts later ToM. One advantage 
of their study was that they included participants from a variety 
of social backgrounds. This issue has been neglected in previ- 
ous research despite the fact that socioeconomic status (SES) is 
known to predict cognitive abilities (Bradley and Corwyn, 2002) 
and may have an impact on the EF-ToM relationship (Hughes and 
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Ensor, 2007). Although only little is known about the impact of 
SES on EF or ToM development in middle childhood, the present 
study established a representative sample by preselecting schools 
from different socio-economic backgrounds in both rural and 
urban communities. Therefore, the present results are probably 
not affected by possible SES effects. 

Turning now to our findings of reciprocity, although the present 
study showed stronger relationships leading from early attention 
shifting and WM updating to later ToM, one cannot dismiss 
the fact that the relationship was bidirectional. That is to say, 
there were indeed small, but significant relations in the oppo- 
site direction. We did not expect this finding because previous 
longitudinal studies almost consistently showed a unidirectional 
association in which early EF predicted later ToM and not vice 
versa (Hughes, 1998b; Carlson etal, 2004; Flynn etal, 2004; 
Jahromi and Stifter, 2008; Miiller etal., 2012). However, in line 
with our findings, Hughes and Ensor (2007) also found partial 
support for early ToM - later EF, but stronger evidence for early 
EF - later ToM. Likewise, McAlister and Peterson (2013) found 
that ToM at 3 years 3 months to 5 years 6 months predicted EF 
at about 1 year later, but they did not find a significant relation 
in the opposite direction. Moreover, Kloo and Perner's (2003) 
training study in 3- to 4-year-olds suggested a bidirectional rela- 
tionship between EF and ToM because transfer of training took 
place in both directions. They took their results to support the 
idea of a functional dependence between the two constructs in 
that "understanding the mind presupposes a certain degree of 
executive control, and EF presupposes a certain level of insight 
into the mind" (Kloo and Perner, 2003, p.1836). It has been sug- 
gested elsewhere that the EF-ToM relationship can be interpreted 
in reciprocal terms with one construct complementing the other 
(Putko, 2009). However, as noted by Kloo and Perner (2003), their 
study cannot clarify the causes and processes involved that are 
responsible for this relationship. Both constructs may be related 
in an indirect way, that is, individuals with well-developed EF may 
be better equipped to function well in social groups and this then 
encourages improvements in ToM (Hughes, 2001). Further stud- 
ies are needed to shed more light on the relationship between EF 
and ToM in reciprocal terms and on the exact interplay of the 
two constructs, especially for the age range beyond the preschool 
years. 

In sum, although a few studies have shown that early ToM 
predicts later EF, the majority of longitudinal studies conducted 
so far reveal more evidence for the view that early EF pre- 
dicts later ToM. However, the existing longitudinal research has 
almost exclusively focused on the preschool or late toddlerhood 
years. To our knowledge, the current study is the first to find 
longitudinal support suggesting that early EF subcomponents pre- 
dict later ToM in a representative sample in middle childhood. 
This is an interesting finding as it suggests that although suffi- 
cient cognitive capacities have developed, a higher level of EF 
(WM updating and attention shifting) continues to be associ- 
ated with a higher level of ToM. Thus, especially the ability to 
switch between different task demands and the ability to tem- 
porarily hold information in mind while processing it seem to be 
important for understanding mental states in middle childhood. 
The importance of these two EF subcomponents is reflected in 



second-order false-belief tasks, the most commonly used ToM 
task in older children. In order to make a correct inference 
on this task, the different perspectives of the mindsets of the 
two protagonists need to be taken into account (attention shift- 
ing) and, in addition, all the pieces of information need to be 
actively held in mind and updated (WM updating). Thus it 
appears that while children progress through childhood and their 
social contexts become increasingly complex (e.g., school entry 
in which friendships and relationships to peers and teachers are 
formed), attention shifting and WM updating are needed for 
the children to make sense of and function within their social 
surroundings. 

LIMITATIONS AND OUTLOOK 

A problem which has been discussed in the literature is the possible 
difficulty that children may have to express their existing ToM abil- 
ities due to the EF requirements inherent in the ToM task (Carlson 
and Moses, 2001; Moses, 2001). Referring to the instruments in 
our study, it is possible that our ToM cartoon requires EF demands 
which may explain the concurrent as well as the longitudinal cor- 
relations between the two constructs. However, several arguments 
speak against this. Many children completed our ToM cartoon task 
successfully, which implies that the EF demands were not overly 
high. In addition, it may be that our ToM cartoon task measures 
WM capacity, producing a task impurity problem (Miyake et al., 
2000). For each cartoon, three pictures were shown consecutively, 
which had to be remembered by the child in order to choose the 
correct ending. But because the pictures were presented in quick 
succession, they resembled a cartoon film strip with an easy script, 
not making overly high demands on WM capacity. However, even 
if the latter were to be the case, children were not required to men- 
tally process or re-arrange the pictures in any way. Therefore, these 
potential task demands cannot explain the relations with updating 
of WM which was one of our EF subcomponent. 

Another argument on the same lines is that the relation between 
attention shifting and ToM may result from the fact that both tasks 
require shifting between pressing the left and right key. However, 
the ToM cartoons did not call for shifting between different answer 
sets or for abandoning an acquired rule of alternating between 
pressing the left and right key (as the attention shifting task did). 
In the 10 ToM cartoons, children just had to decide which of the 
two presented pictures displayed the correct ending, and they had 
ample time to press the appropriate key. The high rate of correct 
responses for the ToM cartoons indicates that this task was rather 
easy for the children. Therefore, we take the relations between 
attention shifting and ToM as evidence that our ToM tasks required 
attention shifting with respect to inferring the mental states of the 
two displayed protagonists (rather than with respect to the task 
design). 

Second, further studies on longitudinal relations between EF 
subcomponents and ToM in middle childhood should include 
more than two time points. This would not only show how the 
EF-ToM relationship develops over a longer period, but also allow 
an investigation of moderating or mediating factors. 

Furthermore, although our study yielded innovative findings, 
it would be interesting to use more than one ToM and more than 
one task for each EF subcomponent. Using more measures would 
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no doubt increase reliability, and it would shed further light on 
relations between EF subcomponents and different aspects of ToM 
that emerge in middle childhood (e.g., second-order false-belief, 
irony, contrary emotion; Happe, 1994). 

In conclusion, the current study suggests that the relation- 
ship between three EF subcomponents (attention shifting, WM 
updating, inhibition) and ToM pertains in a representative sam- 
ple in middle childhood. Partial evidence was provided for the 
assumption that early ToM predicts later EF (Carruthers, 1996; 
Perner, 1998; Perner and Lang, 1999, 2000) but there was stronger 
support for the proposal that early EF (attention shifting, WM 
updating) predicts later ToM (Russell, 1996). In addition, our 
results suggest a reciprocity in the EF-ToM relationship over a 1- 
year-period. Future studies are needed to shed more light on the 
precise interplay of the two constructs, especially with respect to 
subcomponents of both EF and ToM, in the course of childhood 
development. 

ACKNOWLEDGMENTS 

This research was supported by a grant from the Deutsche 
Forschungsgemeinschaft (DFG; GRK 1668/1). The authors wish 
to thank Sebastian Grumer and Julia Tetzner for their helpful 
methodological suggestions and Carolin Russek for her consid- 
erable help in collecting the data. 

REFERENCES 

Archibald, S. J., and Kerns, K. A. (1999). Identification and description of new 
tests of executive functioning in children. Child Neuropsychol. 5, 115-129. doi: 
10.1076/chin.5.2. 115.3167 

Benson, J. E„ Sabbagh, M. A., Carlson, S. M., and Zelazo, P. D. (2013). Indi- 
vidual differences in executive functioning predict preschoolers' improvement 
from theory-of-mind training. Dev. Psychol. 49, 1615-1627. doi: 10.1037/ 
a0031056 

Bradley, R., and Corwyn, R. (2002). Socioeconomic status and child development. 
Annu. Rev. Psychol. 53, 371-399. doi: 10.1146/annurev.psych.53.100901. 135233 

Calderon, J., Bonnet, D., Courtin, C, Concordet, S., Plumet, M.-H., and Angeard, 
N. (2010). Executive function and theory of mind in school-aged children 
after neonatal corrective cardiac surgery for transposition of the great arter- 
ies. Dev. Med. Child Neurol. 52, 1139-1144. doi: 10. 1 1 1 1469-8749.2010. 
03735.x 

Carlson, S. M., Mandell, D. J., and Williams, L. (2004). Executive function and theory 

of mind: stability and prediction from ages 2 to 3. Dev. Psychol. 40, 1105-1122. 

doi: 10.1037/0012-1649.40.6.1105 
Carlson, S. M., and Moses, L. J. (2001). Individual differences in inhibitory control 

and children's theory of mind. Child Dev. 72, 1032-1053. doi: 10.1111/1467- 

8624.00333 

Carruthers, P. ( 1996). "Autism as mindblindness: an elaboration and partial defense," 
in Theories of Theories of Mind, eds P. Carruthers and P. K. Smith (Cambridge: 
Cambridge University Press), 257-273. 

Charman, T., Carroll, E, and Sturge, C. (2001). Theory of mind, executive function 
and social competence in boys with ADHD. /. Emot. Behav. Disord. 6, 3 1-49. doi: 
10.1080/13632750100507654 

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn. 
Hillsdale, NJ: Lawrence Erlbaum Associates. 

Davis, H. L., and Pratt, C. (1995). The development of children's theory of 
mind: the working memory explanation. Aust. J. Psychol. 47, 25-31. doi: 
10.1080/00049539508258765 

Doherty, M. J. (2009). Theory of Mind: How Children Understand Others' Thoughts 
and Feelings. Hove: Psychology Press. 

Farrant, B. M., Maybery, M. T, and Fletcher, J. (2012). Language, cognitive flex- 
ibility, and explicit false belief understanding: longitudinal analysis in typical 
development and specific language impairment. Child Dev. 83, 223-235. doi: 
10.1111/j.l467-8624.2011.01681.x 



Flynn, E. (2007) . The role of inhibitory control in false belief understanding. Infant 

Child Dev. 16, 53-69. doi: 10.1002/icd.500 
Flynn, E., O'Malley, C, and Wood, D. (2004). A longitudinal, microgenetic study 

of the emergence of false belief understanding and inhibition skills. Dev. Sci. 7, 

103-115. doi: 10.1111/j.l467-7687.2004.00326.x 
Frith, C. D., and Frith, U. (1999). Interacting minds-a biological basis. Science 286, 

1692-1695. doi: 10.1126/science.286.5445.1692 
Frye, D., Zelazo, P. D., and Palfai, T. (1995). Theory of mind and rule-based 

reasoning. Cogn. Dev. 10, 483-527. doi: 10.1016/0885-2014(95)90024-1 
Garnham, W. A., and Ruffman, T. (2001). Doesn't see, doesn't know: is anticipa- 
tory looking really related to understanding of belief? Dev. Sci. 4, 94-100. doi: 

10.1111/1467-7687.00153 
Geiser, C. (2010). Datenanalyse mit Mplus. Wiesbaden: VS Verlag fur Sozialwis- 

senschaften. doi: 10.1007/978-3-531-92042-9 
Happe, F. G. E. (1994). An advanced test of theory of mind:understanding of 

story characters' thoughts and feelings by able autistic, mentally handicapped, 

and normal children and adults. /. Autism Dev. Disord. 24, 129-154. doi: 

10.1007/BF02172093 

Henning, A., Hofer, T, and Aschersleben, G. (2012). "Erweiterte "Theory ofMind- 
Skala" fur 3- bis 11-jahrige Kinder," in Extended Theory- of-Mind Scale, trans. 
Peterson, Wellman, and Slaughter. Saarbrucken: Universitat des Saarlandes. 

Hill, E. L. (2004). Executive dysfunction in autism. Trends Cogn. Sci. 8, 26-32. doi: 
10.1016/j.tics.2003.11.003 

Hollebrandse, B., van Hout, A., and Hendriks, P. (2012). First and second-order 
falsebelief reasoning: does language support reasoning about the belief of others? 
Synthese 191, 321-333. doi: 10.1007/sl 1229-012-0169-9 

Hughes, C. (1998a). Executive function in preschoolers: links with theory of 
mind and verbal ability. Br. }. Dev. Psychol. 16, 233-253. doi: 10.1 1 1 l/j.2044- 
835X.1998.tb00921.x 

Hughes, C. (1998b). Finding your marbles: does preschoolers' strategic behav- 
ior predict later understanding of mind? Dev. Psychol. 34, 1326-1339. doi: 
10.1037/0012-1649.34.6.1326 

Hughes, C. (2001). "Executive dysfunction in autism: its nature and implications 
for the everyday problems experienced by individuals with autism," in The Devel- 
opment of Autism, eds J. Burack, T. Charman, N. Yirmiya, and P. Zelazo (Mahwah, 
NJ: Lawrence Erlbaum Associates), 255-274. 

Hughes, C. (2011). Changes and challenges in 20 years of research into the 
development of executive functions. Infant Child Dev. 20, 251-271. doi: 
10.1002/icd.736 

Hughes, C, and Ensor, R. (2007). Executive function and theory of mind: predictive 
relations from ages 2 to 4. Dev. Psychol. 43, 1447-1459. doi: 10.1037/0012- 
1649.43.6.1447 

Hughes, C, and Russell, J. (1993). Autistic children's difficulty with mental disen- 
gagement from an object: its implications for theories of autism. Dev. Psychol 29, 
498-510. doi: 10.1037/0012-1649.29.3.498 

Jahromi, L. B., and Stifter, C. A. (2008). Individual differences in preschool- 
ers' self-regulation and theory of mind. Merrill Palmer Q. 54, 125-150. doi: 
10.1353/mpq.2008.0007 

Keenan, T, Olsen, D. R., and Marini, Z. (1998). Working memory and chil- 
dren's developing understanding of mind. Aust. J. Psychol. 50, 76-82. doi: 
10. 1080/00049539808257537 

Kerr, A., and Zelazo, P. D. (2004). Development of "hot" executive function: 
the children's gambling task. Brain Cogn. 55, 148-157. doi: 10.1016/S0278- 
2626(03)00275-6 

Kloo, D., and Perner, J. (2003). Training transfer between card sorting and false 
belief understanding: helping children apply conflicting descriptions. Child Dev. 
74, 1823-1839. doi: 10.1046/j.l467-8624.2003.00640.x 

Lalonde, C. E., and Chandler, M. J. (2002). Children's understanding of interpreta- 
tion. New Ideas Psychol. 20, 163-198. doi: 10.1016/S0732-118X(02)00007-7 

McAlister, A. R., and Peterson, C. C. (2013). Siblings, theory of mind, and executive 
functioning in children aged 3-6 years: new longitudinal evidence. Child Dev. 84, 
1442-1458. doi: 10.1111/cdev.l2043 

Miller, S. A. (2009). Children's understanding of second-order mental states. Psychol. 
Bull. 135, 749-773. doi: 10.1037/a0016854 

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and 
Wager, T. D. (2000). The unity and diversity of executive functions and their 
contributions to complex "Frontal Lobe" tasks: a latent variable analysis. Cogn. 
Psychol. 41,49-100. doi: 10.1006/cogp.l999.0734 



Frontiers in Psychology | Developmental Psychology 



June 2014 | Volume 5 | Article 655 | 10 



Austin etal 



Executive function and theory of mind 



Moses, L. ). (2001). Executive accounts of theory of mind development. Child Dev. 

72, 688-690. doi: 10. 1 1 1 1/1467-8624.00306 
Muller, U., Liebermann-Finestone, D. P., Carpendale, J. I. M., Hammond, S. I., 

and Bibok, M. B. (2012). Knowing minds, controlling actions: the developmental 

relations between theory of mind and executive function from 2 to 4 years of age. 

/. Exp. Child Psychol. Ill, 331-348. doi: 10.1016/j.jecp. 2011.08.014 
Muthen, L. K., and Muthen, B. O. (1998-2012). Mplus User's Guide, 7th Edn. Los 

Angeles, CA: Muthen 8t Muthen. 
Pacherie, E. (1997). "Motor-images, self-consciousness and autism," in Autism as an 

Executive Disorder, ed. J. Russell (Oxford: Oxford University Press), 215-255. 
Pellicano, E. (2007). Links between theory of mind and executive function in young 

children with autism: clues to developmental primacy. Dev. psychol. 43, 974-990. 

doi: 10.1037/0012-1649.43.4.974 
Perner, J. (1998). "The meta-intentional nature of executive functions and theory of 

mind," in Language and Thought: Interdisciplinary Themes, eds P. Carruthers and 

J. Boucher (Cambridge: Cambridge University Press), 270-283. 
Perner, J., Kain, W., and Barchfeld, P. (2002). Executive control and higher-order 

theory of mind in children at risk of ADHD. Infant Child Dev. 11, 141-158. doi: 

10.1002/icd.302 

Perner, J., and Lang, B. (1999). Development of theory of mind and executive 

control. Trends Cogn. Sci. 3, 337-344. doi: 10.1016/S1364-6613(99)01362-5 
Perner, J., and Lang, B. (2000). "Theory of mind and executive function: is there 

a developmental relationship," in Understanding Other Minds: Perspectives from 

Developmental Cognitive Neuroscience, eds S. Baron-Cohen, T. Tager-Flusberg, 

and D. Cohen (Oxford: Oxford University Press), 150-181. 
Perner, J., and Wimmer, H. ( 1 985) . "John thinks that Mary thinks that.. . " attribution 

of second-order beliefs by 5- to 10-year-old children. /. Exp. Child Psychol. 39, 

437-471. doi: 10.1016/0022-0965(85)90051-7 
Petermann, E, and Petermann, U. (ed.). (2007). Hamburg-Wechsler-Intelligenztest 

fur Kinder IV (HAWIK-IV). Gottingen: Hogrefe. 
Putko, A. (2009). Links between theory of mind and executive function: towards a 

more comprehensive model. Pol. Psychol. Bull. 40, 156-162. doi: 10.2478/sl0059- 

009-0010-6 

Razza, R. A., and Blair, C. (2009). Associations among false-belief understanding, 
executive function, and social competence: a longitudinal analysis. /. Appl. Dev. 
Psychol. 30, 332-343. doi: 10.1016/j.appdev.2008.12.020 

Rothlisberger, M., Neuenschwander, R., Michel, E., and Roebers, C. M. (2010). 
Exekutive Funktionen: Zugrundeliegende kognitive Prozesse und deren Korrelate 
bei Kindern im spaten Vorschulalter. Z. Entwicklungspsychol. Padagog. Psychol. 
42, 99-110. doi: 10.1026/0049-8637/a000010 

Russell, J. (1996). Agency: Its Role in Mental Development. Hove: Lawrence Erlbaum 
Associates. 

Russell, J. (1997). "How executive disorders can bring about an adequate theory 
of mind," in Autism as an Executive Disorder, ed. J. Russell (Oxford: Oxford 
University Press), 256-304. 

Sabbagh, M. A., Xu, E, Carlson, S. M., Moses, L. J., and Lee, K. (2006). The develop- 
ment of executive functioning and theory of mind: a comparison of Chinese and 
U.S. preschoolers. Psychol. Sci. 17, 74-81. doi: 10.1111/j.l467-9280.2005.01667.x 

Schermelleh-Engel, K., Moosbrugger, H., and Muller, H. (2003). Evaluating the fit of 
structural equation models: tests of significance and descriptive goodness-of-fit 
measures. Methods Psychol. Res. Online 8, 23-74. 

Schneider, W., Lockl, K., and Fernandez, O. (2005). "Interrelationships among 
theory of mind, executive control, language development, and working memory 
in young children: a longitudinal analysis," in Young Children's Cognitive Develop- 



ment: Interrelationships Among Executive Functioning, Working Memory, Verbal 
Ability, and Theory of Mind, eds W. Schneider, R. Schumann-Hengsteler, and B. 
Sodian (Mahwah, NJ: Lawrence Erlbaum Associates), 259-284. 

Sebastian, C. L., Fontaine, N. M. G., Bird, G., Blakemore, S.-J., De Brito, S. A., 
McCrory, E. J. P., etal. (2012). Neural processing associated with cognitive and 
affective theory of mind in adolescents and adults. Soc. Cogn. Affect. Neurosci. 7, 
53-63. doi: 10.1093/scan/nsr023 

Stevens, J. P. (2001). Applied Multivariate Statistics for the Social Sciences, 4th Edn. 
Mahwah, NJ: Lawrence Erlbaum Associates. 

Tager-Flusberg, H., Sullivan, K., and Boshart, J. (1997). Executive functions 
and performance on false belief tasks. Dev. Neuropsychol. 13, 487-493. doi: 
10. 1080/87565649709540689 

Vetter, N. C, Altgassen, M., Phillips, L., Mahy, C. E. V., and Kliegel, M. 
(2013). Development of affective theory of mind across adolescence: disen- 
tangling the role of executive functions. Dev. Neuropsychol. 38, 114-125. doi: 
10.1080/87565641.2012.733786 

Vollm, B. A., Taylor, A. N. W., Richardson, P., Corcoran, R., Stirling, J., McKie, S., 
etal. (2006). Neuronal correlates of theory of mind and empathy: a functional 
magnetic resonance imaging study in a nonverbal task. Neuroimage 29, 90-98. 
doi: 10.1016/j.neuroimage.2005.07.022 

Wimmer, H., and Perner, J. (1983). Beliefs about beliefs: representation 
and the constraining function of wrong beliefs in young children's under- 
standing of deception. Cognition 13, 103-128. doi: 10.1016/0010-0277(83) 
90004-5 

Yang, J., Zhou, S., Yao, S., Su, L., and McWhinnie, C. (2009). The relationship 
between theory of mind and executive function in a sample of children from 
mainland china. Child Psychiatry Hum. Dev. 40, 169-182. doi: 10.1007/sl0578- 
008-0119-4 

Yu, C. Y. (2002). Evaluating Cutoff Criteria of Model Eit Indices for Latent Vari- 
able Models with Binary and Continuous Outcomes. Los Angeles: University of 
California. 

Zelazo, P. D., and Carlson, S. M. (2012). Hot and cool executive function in 

childhood and adolescence: development and plasticity. Child Dev. Perspect. 6, 

354-360. doi: 10.1111/j.l750-8606.2012.00246.x 
Zimmermann, P., Gondan, M., and Fimm, B. (2002). KITAP Testbatterie zur 

Aufmerksamkeitsprufung fur Kinder [KITAP Attention Test Battery for Children] . 

Herzogenrath: Psychologische Testsysteme. 

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 

Received: 18 February 2014; accepted: 08 June 2014; published online: 24 June 2014. 
Citation: Austin G, Groppe K and Eisner B (2014) The reciprocal relationship between 
executive function and theory of mind in middle childhood: a 1 -year longitudinal 
perspective. Front. Psychol. 5:655. doi: 10.3389/fpsyg.2014.00655 
This article was submitted to Developmental Psychology, a section of the journal 
Frontiers in Psychology. 

Copyright © 2014 Austin, Groppe and Eisner. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, dis- 
tribution or reproduction in other forums is permitted, provided the original author(s) 
or licensor are credited and that the original publication in this journal is cited, in 
accordance with accepted academic practice. No use, distribution or reproduction is 
permitted which does not comply with these terms. 



www.f rontiersin .org 



June 2014 | Volume 5 I Article 655 | 11 



